eries in the study provinces and territories (3 600 398) accounted for about 98% of all deliveries that took place in the study jurisdictions during the 14-year period. Data available from hospital discharge records included sex, age at and date of admission, home postal code, province of residence, date and status at discharge, principal diagnosis, up to 15 secondary diagnoses (coded according to the International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9 CM] or the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Canada [ICD-10 CA]), and up to 10 diagnostic, therapeutic and surgical procedures (coded according to the Canadian Classification of Diagnostic, Therapeutic, and Surgical Procedures or the Canadian Classification of Health Interventions). All ICD-10 codes used were mapped from the appropriate ICD-9 codes.
Using information on the index admission, we excluded women with a previous cesarean section, a multiple pregnancy, preterm labour (< 37 completed weeks) or any of the medical risk factors or obstetric complications listed in Appendix 1. The records of a total of 2 339 186 pregnant women remained for inclusion in the study, representing about 65.0% of all original hospital deliveries in the study provinces and territories during the period of investigation.
Because no code is available for an elective cesarean section performed "on demand" (i.e., upon maternal request) or without a medical or obstetrical indication, we used cesarean delivery for breech presentation as a surrogate for planned elective low-risk cesarean delivery. We attempted to select only elective primary cesarean deliveries for breech presentation without mention of external cephalic version (ICD-9 CM 652.2) among healthy women as defined above, to whom we refer here as the planned cesarean delivery group. Such elective, low-risk cesarean deliveries should occur in the absence of labour; the Discharge Abstract Database, however, contains no code for labour. We therefore used an algorithm based on the presence of specific ICD-9 CM codes, previously validated with medical charts, 23,24 as our criterion to exclude women who experienced labour from this study group. Women with induced labour were also excluded (Fig. 1) . The resultant study groups comprised 46 766 women who underwent a planned cesarean delivery for breech presentation and, as the reference group, 2 292 420 healthy women who had a planned vaginal delivery with labour that was either spontaneous or induced.
Outcomes of interest included maternal mortality (inhospital deaths only) and severe morbidity (intra-and postpartum). Severe maternal morbidity was defined as the presence of one or more of the following complications: hemorrhage requiring hysterectomy, hemorrhage requiring blood transfusion, any hysterectomy, uterine rupture, anesthetic complications (including those arising from the administration of a general or local anesthetic, analgesic or other sedation during labour and delivery), obstetric shock, cardiac arrest, acute renal failure, assisted ventilation or intubation, puerperal venous thromboembolism, major puerperal infection, in-hospital wound disruption and hematoma. Length of hospital stay for childbirth was calculated by subtracting the hospital admission date from the discharge date.
We first examined differences in the planned cesarean and planned vaginal delivery groups with respect to the following potential confounding variables: maternal age, year of delivery, province or territory of birth hospital, elderly primigravidity and grand multiparity. Rates of maternal mortality and severe morbidity were compared between the planned cesarean and planned vaginal delivery groups. Adjusted odds ratios and 95% confidence intervals (CIs) were estimated via multivariate logistic regression to control for the confounding variables mentioned. Adjusted absolute risk differences (and 95% CIs) in outcome rates were calculated from the absolute outcome rate in the planned vaginal group and adjusted odds ratios in the planned cesarean group. Differences in lengths of hospital stay for childbirth were also examined with multiple linear regression after adjusting for confounding variables.
In the planned vaginal delivery group, labour (whether spontaneous or induced) could lead to any of 3 types of delivery: spontaneous vaginal, instrumental vaginal or unplanned cesarean delivery (Fig. 1) . Although we examined outcomes in those 3 subgroups, we did not compare the risks of maternal outcomes between the planned cesarean group and the 3 subgroups of the planned vaginal delivery group because such comparisons are confounded by indication. 
Results
Considerable differences were observed between the planned cesarean and planned vaginal delivery groups, by time period, province or territory of delivery, maternal age, elderly primigravidity and grand multiparity ( Table 1) . The overall severe maternal morbidity rate was 27.3 per 1000 deliveries (i.e., 27.3‰) for women in the planned cesarean delivery group, versus 9.0‰ among those in the planned vaginal delivery group (adjusted odds ratio 3.1; Table 2 ). The planned cesarean group had an increased risk of most of the complications listed in Table 2 , although those for hemorrhage requiring transfusion (odds ratio 0.4, p = 0.005) and uterine rupture (odds ratio 0.5, p = 0.048) were lower than those risks in the planned vaginal delivery group, and that for obstetric shock was slightly lower but nonsignificant (odds ratio 0.4, p = 0.07). No mothers died in-hospital in the planned cesarean delivery group, whereas 41 women died in the planned vaginal delivery group (mortality rate 1.8 per 100 000 deliveries; p = 0.87). The planned low-risk cesarean group had a significantly longer duration of hospital stay (adjusted mean difference 1.47 d, p < 0.001; Table 2 ).
Absolute increases in severe maternal morbidity rates with planned cesarean delivery were low (Table 2 ). For example, the adjusted absolute risk differences (per 1000 deliveries) were 19.3‰ for overall severe morbidity, 1.6‰ for cardiac arrest, 2.7‰ for anesthetic complications and 4.3‰ for major puerperal infection.
Among women in the planned vaginal delivery group, those who had a spontaneous vaginal delivery (77.9%) or an instrumental vaginal delivery (13.9%) were less likely to suffer death or serious morbidity, compared with those who delivered by emergency cesarean (8.2%). Women undergoing emergency cesarean delivery had the highest in-hospital maternal mortality rate (9.7 per 100 000 deliveries) and maternal morbidity rates, particularly for cardiac arrest (2.6 per 1000 [2.6‰]), uterine rupture (2.3‰), hemorrhage requiring hysterectomy (0.8‰), hemorrhage requiring transfusion (0.6‰) and obstetric shock (0.4‰).
Interpretation
As maternal death has become increasingly rare in Canada and other industrialized countries, 4, 24, [26] [27] [28] [29] it is increasingly important to study severe maternal morbidity. We have shown that planned cesarean deliveries are associated with significantly increased risks of specific severe postpartum complications (e.g., hemorrhage requiring hysterectomy, cardiac arrest, venous thromboembolism, major infection) relative to planned vaginal deliveries. Such severe morbidity requires particular clinical attention.
4,9-12
The strengths of our study included its population-based provenance, large sample size and detailed information on medical and obstetric conditions. Exclusion criteria based on details of medical and obstetric diagnoses and interventions allowed us to select a group of healthy pregnant women similar to those who might be recruited into a randomized controlled trial. 13, 30 Data from all selected healthy women were analyzed according to the "intention to treat" principle (planned cesarean delivery group v. planned vaginal delivery group). Our large sample size permitted analysis of rare events such as hysterectomy, cardiac arrest and venous thromboembolism. Healthy women with singleton breech presentation at term who underwent a primary cesarean section should be a reasonably representative surrogate group for women electing cesarean delivery by choice, and thereby help to reduce the confounding by indication that would severely bias a comparison of all cesarean versus vaginal deliveries. 13, 18, 19, 24 Although breech presentation carries risks for the infant, for the mother this condition is effectively riskneutral in terms of the severe maternal morbidity of interest. Thus, the indication for elective cesarean delivery (i.e., breech presentation) would not confound the relationship between cesarean delivery and serious maternal outcomes. In the United Kingdom, the Confidential Enquiry into Maternal Deaths has shown a significantly higher risk of maternal death associated with cesarean section. However, the Confidential Enquiry recognizes that such findings are clouded by an inability to distinguish deaths associated with underlying maternal diseases from those attributable to the obstetric procedure. 27, 31 Although the difference we observed in in-hospital maternal deaths between women undergoing planned cesarean versus planned vaginal delivery was not significant, the increased risk of severe morbidity in the planned cesarean group was consistent with previous reports and should better reflect the excess risk due to the procedure itself rather than the clinical indications that led to the procedure.
In general, major puerperal infection is the most common complication of cesarean delivery. The frequency of such infections was increased in association with extended length of labour, rupture of membranes and diabetes mellitus.
11,17,32
Our data showed that with planned cesarean delivery, the risk of major infection in women was about 3 times that with planned vaginal delivery. Other factors such as maternal obesity may have confounded this association; [33] [34] [35] unfortunately, we had no access to height or weight data in this population. Increased risks of other postoperative complications, including those of obstetric wound disruption and hematoma, should be taken into consideration in the evaluation of the risks and benefits of low-risk elective cesarean delivery. Surprisingly, our data revealed an interesting paradox: planned cesarean delivery was associated with an increased risk of hemorrhage requiring hysterectomy, whereas hemorrhage requiring blood transfusion was more commonly associated with a planned vaginal delivery. Although this paradox might reflect inherent uterine pathology (which is more prevalent in women with breech presentation), such pathology is rare. In our view, the most likely explanation is that the surgical procedure of cesarean delivery increases the likelihood of proceeding to hysterectomy in the face of postpartum hemorrhage, and correspondingly lowers the risk of uterine hemorrhage requiring transfusion.
35
Several limitations were inherent to this retrospective cohort study. First, although we endeavoured to select women without labour for the low-risk elective cesarean group by using a validated and published algorithm, 23, 24 we estimate that 16%-17% of these women might have experienced labour Table 2 : Morbidity rates, adjusted odds ratios* and adjusted absolute risk differences* associated with low-risk planned cesarean delivery † compared with planned vaginal delivery among healthy women in Canada, 1991 Canada, -2005 Type of planned delivery; no. that was not recorded in this database (as estimated by applying this algorithm to the Nova Scotia Atlee Perinatal Database, which contains explicit information on labour). 18 Some of these women would have planned cesarean delivery and entered labour before the scheduled cesarean, and then undergone emergency cesarean delivery -a reflection of the real-world situation around planned cesarean delivery. However, some may have been planning a vaginal delivery but underwent emergency cesarean section for obstetric indications that are not coded by the medical records abstractor. Such misclassification of subjects may have biased the results against the planned cesarean delivery group. Second, several important factors (e.g., parity, height, prepregnancy weight and weight gain in pregnancy) that may influence the success of a planned vaginal delivery and the occurrence of complications were unavailable in our database. Finally, our restriction to low-risk women and those without pregnancy complications may have favoured the planned vaginal group somewhat. Ideally, the planned vaginal group should have included women with pregnancy complications if the complication arose after the onset of labour.
A growing number of women request delivery by elective cesarean delivery without an accepted medical indication. 20, 25 In the absence of high-quality population-based information, physicians are uncertain how to respond or counsel appropriately. 36 The occurrence of adverse maternal outcomes in earlier studies may have been due to the clinical indications for cesarean delivery rather than to the procedure itself. [26] [27] [28] [29] 31, 33 The best way to avoid confounding by indication would be a randomized controlled trial to evaluate the relative risks and benefits of planned elective cesarean versus planned vaginal delivery -although such a design would certainly raise ethical concerns. One large and potentially relevant randomized clinical trial, the Term Breech Trial, 13 found no significant differences in serious maternal complications between policies of planned cesarean delivery and planned vaginal delivery for breech presentation. That study was not large enough to identify differences in the rates of severe morbidity, however. Furthermore, the manipulations of assisted breech delivery and variations in standards of care from centre to participating centre might have had a tendency to bias the results in favour of the cesarean delivery group, 37 and would not be generalizable to the majority of deliveries, which take place without breech presentation.
In the absence of adequate and pertinent randomized trials, we must rely on evidence from large observational studies with rigorous attempts to minimize confounding by clinical indications. This article describes an attempt to provide such evidence. Our results suggested that severe maternal morbidity associated with either form of delivery is relatively rare. Nevertheless, compared with planned vaginal delivery at term, elective low-risk cesarean delivery poses higher risks of severe maternal morbidity. Pregnant women and physicians should be aware of these potential risks when contemplating an elective cesarean delivery, and their decisions should be based on the risks and benefits for mother and infant alike.
